The s urface tension of 154 compositions in the system BaO-B, Os-Si02 w ere m ea sured by a maximum pull-on-cylinder method, over the approximate range 900° to 1,300° C. Th e region of glass formation was investigated along with the adjacent regions. Several compositions were studied in the two-immiscible-liquid region. In this two-liquid region the lines of constant surface tension followed the tie lines in the phase diagram. Outside the two-liquid region the surface tension was increased by the addition of BaO and to a lesser degree by Si02• At 900° C the surface tension was relatively high near the composition corresponding to the 3BaO·3B20 3·2Si02 compound, which has a melting point of ] ,009° C.
Introduction
A study of the surface tension of the system BaO-B20 J-Si02 was undertaken as part of a comprehensive investigation of various physical properties of simple glass-forming systems [1 to 13). 1 The surface tensio n of the binary system, BaO-B20 J' has been reported as part of a previous investigation of the proprrties of the binary alkaline-earth borates [10] . The range of compositions studied was limited by crystallization and by relatively high viscosity in the region of high silica. The phase diagrams for the systems BaO-B20 J and BaO-E20 aSi02 show a two-liquid region at low concentrations of alkaline-earth oxide.
The system BaO-B20 a-Si02 is of fundamental importance in the ceramic field and especially in the glass industry, as it serves as a starting point for investigations of a large class of barium-crown glasses.
. Experimental Procedure

.1. Prepar a tion of Glasses
The composition of the glasses used in this investigation is shown in table l. The glasses were made by melting at 1,300° to 1,500° C the required amounts of chemicals in platinum crucibles and stirring the melts with platinum stirrers until they appeared homogeneous. The melts varied in weight from. 100 to 500 g.
Chemical-analysis samples were taken from the melLs before and after surface-tension measurement. The reported compositions are the average of the two determinations unless otherwise noted in table 1 . The BaO and Si02 contents were determined gravimetrically and the B20 J by difference. Small changes were noted between the batch composition and the first analysis. A further loss of a few tenths of a percent of B20 3 was noted between the two 1 
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In brackets Indicate the li terature rerereuc~s at the end of this paper.
analyses, indicating volatilization during the tests. The estimated probable enol'S of the gravimetric determinations are about ± 0.1 weight percent.2
Method of Test
The method of measuring surface tension used in this investigation has been previously described in detail [14] . It consists in determining the pull exerted by the test surface on a thin-walled platinum cylinder during the removal of its lower edge from contact with the liquid. The first determination of the surface tension of any melt was made at 1,300° C. Subsequent measurements were made at 100-deg C intervals, deCT'easing the temperature until the glass was too viscous Lo yield in a reasonable time or until crystallization occurred.
"The density values used in the correction of the surface-tension calculations were determined by interpolation beLween room-temperature values for each composition and a few known values in the temperature and composition range of interest . For convenience in presenting the data, all values of surface tension have been adjusted to even 100-deg intervals. The temperature of any measmement may have been 4 deg C from that given in table 1.
. Results and Discussion
Surface-tension data are given in table 1. Differences in batch materials and somce of glasses are indicated in the footnotes. Figme 1 shows the isoepitatic [15] , or constant surface-tension, lines at 1,300° C and the locations of the compositions investigated. The smface tension increased with decrease in B20 3 content. This figure also contains an outline of the two-immiseible-liquid region and the conodes, i. e., the tie lines connecting the two conjugate compositions in the phase diagram as determined by Levin and Ugrinic [161.
In the two-liquid region the isoepitatic lines appro}..-imate the conodes. This is in accord with the Surface tensionb • A verage compOSition of before and after a n alyses except for two-liqu id compositions, wbicb are batch compositions except as noted by footnote d .
b Interpolated values. 'l' h e temperature of any m easuremcut may have been ±4°C from that giveu here .
o Glasses from binary alkaline-earth borate iuvestigation [10) . d Average composition of two-liquid gl asses made primarily for this investigat iou . Analyzed values before surface-tension m easurement. G lasses not indicated b y footn otes cor d were from an investigation of various properties of tbe system B aO-B,03-SiO, by Hamiltou, C leek, and Grauer [17) . 'r be outline of tbe two·liquid immiscibility region after Levin and Ugrinic (16) .
fact that at a ny given tempera Lure the upper layer of all compositions along a conode is identical. The lighter liquid will tend to rise to the surface , but if Lhere were incomplete separation, there may be some of Lhe lower liquid in Lhe upper layer. The completeness of separation becomes greater as one departs from the two-liquid interface; and at the surface, where the surface tension is measured, the minimum amount of the lower layer will be present. The presence of lower liquid in the upper liquid is indicated by opaciLy. The glass that adhered to the ring was clear, indicating the probable absence of any of the lower liquid in the surface under tesL. Therefore, surface measurements may give a good indica Lion of the direction of the conodes in the twoliquid region, and surface-tension measurements may offer another approach to the study of phase equilibria in the two-liquid region. Figure 2 shows the isoepitatic lines at 1,100° C. A comparison with the previous figure shows a slight counterclockwise rotation of th e lines within the two-liquid r egion. This is in accord with the rotaLion of the conodes with temperature reported in the phase work. Figure 3 shows a plot of the isoepitatic lines at 900° C. The changes in surface tension between 1,100° and 900° C are similar to those between 1,300° and 1,100° C.
The constant surface-tension lines near the composition corresponding to the 3BaO·3B20 3·2Si0 2 compound deviate from simple curves. This compound wa characterized b y Levin and Ugrinic [16] as one that melts congruently at 1,009° C and whose primary field occupies a large portion of the glass-forming region of the system. This is 109 deg C above the temperature of the present measure- deviations from simple curves. Microscopic examination of the glasses has shown no sign of crystallization, and the region about the compound is known to produce quite stable glasses, i. e., the rate of crystal growth in this region is very low. No explanation is available for the minima. Figure 4 shows the lines of constant-temperature coefficient of surface tension over the range 1,000° to 1,300° C. With decreasing temperature there is a decrease in surface tension within the two-liquid region and an increase over most of the area exterior to this region. The scatter of the points and the small range of the coefficients made it difficult to determine the exact position of the lines. For example, points with the value -0.040 (dyne/cm);o C are found in about three-fourths of the area between the -0.020 and -0.060 (dyne/cm);o C lines. The lines shown are correspondingly uncertain. The twoliq uid region is characterized by the similari ty be tween the constant coefficient lines and the conodes in the phase diagram. There is a maximum coefficient in this region, and a zero coefficient near the boundary. The values indicated in this figure are the average over the temperature range.
The surface-tension versus temperature curve for any particular composition is not a straight line and may contain inflections. In the region around the 0.000 (dyne/cm);o C line the curves may show maxima, minima, or both. It may also be seen from this figure that a change in composition in a given direction does not always cause a similar change in the coefficient of surface tension, and as noted earlier, it does not always cause a similar change in surface tension.
. Summary and Conclusions
The surface tension of a series of BaO-B20 3-Si02 compositions was measured over the range 900° to 1,300° C. In the two-liquid region the values of surface tension and the coefficients of surface tension followed the conodes in the phase diagram, indicating a possible new technique for phase study in this type of region. In general, the surface tension increased with decrease in B20 3 content. At 900° C the lines of constant surface tension reflected an irregularity ncar the composition corresponding to the 3BaO· 3B20 3 ·2Si02 compound, which has a melting point of 1,009° C.
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